Objective: The overall aim was to develop and validate a risk prediction score for laparoscopic colorectal surgery training cases. Background: Published risk prediction scores are not transferable between hospitals because they are derived from a single institution's data and are not designed for use in training situations. Methods: Cases from the prospectively collected database of the National Training Programme in Laparoscopic Colorectal Surgery, between July 2008 and July 2012, were analyzed. Independent risk factors for conversion were identified by the logistic regression. Converting the odds ratios into integers created a risk prediction score for conversion. The clinical impact of this score was investigated by comparing postoperative complications and the level of trainer input in high-and low-risk cases. To study whether adverse outcomes in predicted high-risk cases occur outside the National Training Programme in Laparoscopic Colorectal Surgery, 2 external data sets were examined. Results: A total of 2341 cases carried out in 42 hospitals were analyzed. Significant risk factors for conversion were body mass index, American Society of Anesthesiology classification, male sex, prior abdominal surgery, and resection type. At a risk score of more than 6, complication rates increased, including mortality (2.9% vs 0.5%, P < 0.001), anastomotic leak (4.3% vs 1.4%, P = 0.002), and a higher level of trainer input (32.2% vs 19.9% of cases, P < 0.001). Analysis of 786 external cases showed that high-risk cases had higher conversion (18.8% vs 7.1%, P < 0.001), overall complication (36.4% vs 15.0%, P < 0.001), and leak rates (4.0% vs 1.3%, P = 0.015). Conclusions: A risk predication score to facilitate case selection in laparoscopic colorectal surgery training was developed and validated. In laparoscopic surgery, conversion should not be regarded as a complication because, in certain circumstances, it is absolutely necessary for safe progression or adequate oncological clearance. However, the factors that result in conversion indicate high case complexity. Published scoring systems to predict conversion were based on a single institution's data and, therefore, were not transferable between hospitals.
between different cases, and a long learning curve of up to 150 cases, if self-taught, has been demonstrated. 3 During the learning curve, appropriate case selection is crucial to reduce postoperative morbidity and mortality rates. 3 In laparoscopic surgery, conversion should not be regarded as a complication because, in certain circumstances, it is absolutely necessary for safe progression or adequate oncological clearance. However, the factors that result in conversion indicate high case complexity. Published scoring systems to predict conversion were based on a single institution's data and, therefore, were not transferable between hospitals. [4] [5] [6] [7] Also, those scores were not specifically generated from mentored cases and hence may not be applicable to case selection during supervised training.
The National Training Programme in Laparoscopic Colorectal Surgery of England (NTP) is a multicenter educational scheme with the aim to shorten the learning curve while minimizing patient morbidity and mortality rates. In addition to clinical data, all delegates submit a validated Global Assessment Score (GAS) for each case, indicating the level of dependency of the trainees on their trainers' input to complete the procedure. 8 This database provides a unique opportunity to investigate the effect of case selection on clinical outcome and training performance in mentored LCS.
The overall aim of this study was to develop and validate a risk prediction score for LCS training cases. To achieve this aim, the specific objectives were to (1) develop a preoperative risk prediction score for conversion within the NTP, (2) investigate the impact of the risk score on clinical outcomes and the degree of dependence of the trainees on their trainers' input to perform the procedure within the NTP, and (3) validate the risk score using 2 external data sets.
OVERVIEW
All cases submitted to the NTP database between July 2008 and July 2012 were analyzed. Independent risk factors for conversion were identified with the logistic regression and the Bayesian models on a randomly selected 75% of data. These models were used to create preoperative risk scores for conversion, the accuracy of which was compared using the remaining 25% of the data. The effect of an increased risk score on the rate of postoperative complication and the dependency of the trainees on their trainers to complete the procedure were investigated to validate the impact of the risk score. A cutoff score was identified to define high-and low-risk cases.
Educational and clinical data were submitted electronically for each case performed within the program to a Web-based platform. Since November 2009, the database was also available to senior laparoscopic fellows to submit data from cases performed on their national fellowships. Thus far, 23 fellows (post-Certification of Completion of Training) have submitted data from their supervised training cases. Ethical approval was obtained through the National Ethics Committee (REC 04/Q040356).
Outcomes Measures
The primary outcome was conversion to open surgery as an index of high case complexity. The NTP adopted the definition of conversion as any unplanned laparotomy. 10 The secondary outcomes were postoperative results and GAS. Postoperative outcomes include (1) in-hospital mortality; (2) surgical complications (anastomotic leak, bleeding, abdominal collection, ileus, obstruction, and wound infection); (3) medical complications (respiratory, cardiac, and cerebrovascular); and (4) length of hospital stay, readmission, and reoperation rate. A GAS of 1 to 3 was used to indicate a high level of dependency of the trainees on trainers' input to complete the procedure (Table 1) .
Risk Factors
Risk factors included in the analysis were (1) patient-specific factors, such as sex, age (≤50, 50-65, 65-80, and >80 years), body mass index (BMI) (≤25, 25-27.5, 27.5-30, and >30), American Society of Anesthesiology (ASA) classification, and prior abdominal surgery; (2) diagnosis, such as benign polyps, cancer, diverticular 
Development and Validation of Risk Prediction Models
Risk prediction scores for conversion were created by both the logistic regression model and the Bayesian network model to compare the accuracy of these 2 models. Data were randomly split; 75% of data were used to create the risk prediction models (model subset) and 25% to test them (test subset). The same data subsets were used to create both the logistic regression and Bayesian models to allow direct comparison. A total of 29 independent variables as possible predictors for conversion were included, which were acceptable considering the large sample size of 1756 cases in the model subset. 11 The significant risk factors from the logistic regression model and all factors from the Bayesian model were then included in 2 simplified risk prediction scores. These were created by converting the odds ratios into integers using previously published methods. 12 The accuracy of these risk prediction scores was tested using the area under receiver-operating characteristic curves on the test subset.
The clinical importance of the risk prediction score was investigated by analyzing the effect of an increasing score on postoperative complications and GAS. The impact of risk prediction score was further studied by splitting the data set into 2 groups ("high risk" vs "low risk"). The cutoff was identified by plotting cumulative sum (CUSUM) curves for complication and a high level of trainer input. These were constructed by comparing the sum of all events with the expected sum of events (average) by the CUSUM equation S i = S i−1 +( i − R ); S 0 = 0: S i is the cumulative sum, i the sum of events at risk prediction score i, and R the sum of expected events at risk prediction score i. The high-and low-risk groups were compared using the χ 2 test or the Mann-Whitney U test for categorical and continuous variables, respectively. The Bayesian network model was created using Netica (1995-2012, Norsys Software Corp., Vancouver, BC, Canada), and the Statistical Package for the Social Sciences version 19 for Windows (IBM Corp., Armonk, NY) was used for all other statistical analysis.
External Validation
To study whether the risk score is valid on data outside the NTP, its impact was examined on 2 international data sets from Cleveland, OH, and Singapore. All elective laparoscopic colorectal resection cases were included, and nonresectional cases (ie, rectopexy), emergency cases and cases with missing data were excluded. The cases were classified as high risk and low risk, and the clinical outcomes were compared.
The primary outcome was conversion to open surgery, and the secondary outcomes were postoperative complication, reoperation, readmission, hospital stay, mortality, lymph node harvest rate, blood loss, and R1 resection rate.
RESULTS
A total of 2763 cases were submitted to the NTP Web site during the study period; 422 (15.3%) cases were excluded because of missing data. This left 2341 cases for further analysis (model subset n = 1756; test subset n = 585). The mean age was 65.1 ± 15.3 years, mean BMI was 27.3 ± 5.5, and 1233 (52.7%) were male patients. A total of 170 surgeons in 42 hospitals performed those procedures.
The total number of conversions was 175 (7.5%); the reasons for conversion included inadequate exposure in 153 patients (87%), Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. bleeding in 15 patients (9.6%), bowel injury in 3 patients (1.7%), and equipment problems in 4 patients (2.2%). The total number of cases requiring a high level of trainer input was 483 (20.6%).
Risk Prediction Model
Risk factors that significantly predicted conversion in the logistic regression model were sex, BMI, resection type, ASA class, and prior abdominal surgery. The odds ratios of these risk factors were used to create a preoperative scoring system to predict conversion by converting odds ratios into integers ( Table 2 ). All nonsignificant risk factors in the logistic regression model, apart from diagnosis, scored 0 in the Bayesian risk score. The area under the receiver-operating characteristic for the logistic regression score and Bayesian score, when applied to the test subset, was 0.716 [95% confidence interval (CI), 0.651-0.781] and 0.691 (95% CI, 0.621-0.762), respectively. Therefore, the score derived from the logistic regression model was used for the remainder of the analysis. In the logistic regression model, the number of cases performed in the NTP was not a significant predictor of conversion. However, as the surgeons progressed through training, they selected increasingly difficult cases (higher BMI, higher ASA grade, increased rate of prior abdominal surgery, and more non-right-sided resections).
Only 3 cases scored 10 on the prediction score and, therefore, the analysis of those cases was combined with score "9." There is a steady rise in conversion rate with the increase in risk prediction score (Fig. 1) . However, the complication rate and the dependency of the trainees on trainers' input are stable at a score of less than 6. At a risk prediction score of more than 6, there is a significant increase in complication rate (13.0% vs 21.5% for scores ≤6 and >6, respectively; P = 0.001) and in the average rate of high level of trainer input (19.9% vs 32.2% for scores ≤6 and >6, respectively; P < 0.001) (Fig. 1 ). This is confirmed by the sudden deviation seen in the CUSUM curves for both of these outcomes at a score of more than 6 (Fig. 2) .
FIGURE 1.
Histogram showing conversion, overall complication, and high level of trainer input rates according to the risk prediction score.
Impact of Risk Prediction Score
Data were dichotomized by splitting the cases into low risk (risk prediction score ≤6) and high risk (risk prediction score >6). The clinical outcomes of high-and low-risk cases are summarized in Table 3 . High-risk cases have a significantly longer hospital stay and higher mortality, postoperative complication, and reoperation rates. In high-risk cases, increased dependency of trainees on their trainers' input was demonstrated for the majority of tasks, apart from "theater setup," "patient positioning," "access technique," and "retrieval of specimen" (Table 4) .
External Validation
The Cleveland and the Singapore databases contained 796 and 471 cases, respectively, totaling 1267 cases, of which 82 (6.5%) FIGURE 2. Cumulative sum curves for complication and high level of trainer input rates with increasing risk prediction score. There is a sharp increase above the average over a risk prediction score of 6. Bold P values represent significant differences.
Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. Bold P values represent significant differences FIGURE 3. Comparison of conversion rates within the external Cleveland and Singapore databases with predicted rates from the logistic regression model and conversion rates from the NTP, with increasing risk scores.
cases were excluded because of missing data and 399 (31.3%) cases were excluded because of nonresectional cases. Therefore, 484 and 302 cases were included in the analysis from the Cleveland and Singapore databases, respectively. Of these, 176 (22.4%) were high-risk (risk prediction score >6). The risk score predicted conversion in a near exponential fashion (Fig. 3) . In the high-risk cases, there were significantly higher rates of postoperative leak, bleeding, abdominal collection, ileus, and overall, surgical and medical complications (Table 5 ). In addition, the mean hospital stay was longer, and R1 resection rates and intraoperative blood loss were also significantly higher in the high-risk group (Table 5) .
DISCUSSION
A risk prediction score for LCS training was developed and validated. This score allows classification of cases into "high-risk" and "low-risk" procedures. The prediction score is based on conversion as an index of case complexity. Cases that scored more than 6 had increased rate of postoperative complication and more dependency Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited. of the trainees on their trainers to complete the procedure and, hence, a greater likelihood of a futile training episode. The risk prediction score has also demonstrated external validity.
Both Bayesian and logistic regression models were used to identify the most robust risk prediction score. The 2 scores performed very similarly; however, the logistic regression model was more straightforward and performed slightly better. Previous prediction models for conversion have similarly identified ASA classification, BMI, prior abdominal surgery, and resection type as risk factors for conversion. [3] [4] [5] [6] Although male sex has not been included in previous prediction scores, it has been identified in other studies as a risk factor for conversion. 3, 13 The increase in conversion rates in male patients in rectal resections is attributed to the narrow male pelvis. 14 However, in this study, male sex was a strong predictor of conversion in resections without any pelvic dissection. This may be due to sex-related differences in body-viscera fat distribution and tissue properties. 15, 16 The number of cases performed by trainees in the program did not influence conversion rates as an independent factor, in contrast to previous risk prediction scores on the basis of independent practice. [4] [5] [6] This may be explained by the increased input of trainers during surgery as shown in GAS records with the increase in dependency on the trainers to complete procedures. When analyzing the details of the different steps of the operation, interestingly the tasks requiring low levels of skill (eg, access technique or evacuation of specimen) showed only a minor increase in trainer input when performed on a high-risk case. With increasing complexity of the tasks, this difference became more evident. These findings underline the reliability of the prediction score.
High-risk cases in the NTP had a 3-fold increase in leak and reoperation rates, and an almost 6-fold increase in mortality rate despite the increase of trainers' input in those cases. This finding was replicated in the external validation data set in which cases with a risk score more than 6 also resulted in high conversion and complication rates. Therefore, a risk score of more than 6 consistently resulted in high conversion and complication rates, although the absolute values differ between institutions. The variability in surgeons' experience, units' infrastructure, and systems' reliability may account for this difference in absolute values of conversion and complication rates.
This study has certain limitations. According to expert opinion, increasing T stage, especially T4 tumors, is likely to be an independent risk factor for increasing complexity. 3 Unfortunately, full tumor staging was not available in the current data set. The NTP discouraged the use of T4 tumors and other complex conditions as training cases. The same applies to advanced inflammatory disease, such as colovesical or vaginal fistulas; however, this was recorded as intraoperative finding and, therefore, was not included in this preoperative score. 3 In addition, it would have been ideal to compare the oncological outcomes of high-and low-risk cases; however, they were not prospectively recorded within the NTP, and therefore it was not possible to perform this analysis. Because of the heterogeneity of the external databases, a significant proportion of the cases was nonresectional and, therefore, had to be excluded from the analysis. Although conversion was defined as an unplanned laparotomy within the NTP, this could not be standardized or measured across so many surgeons. However, the risk score was able to predict conversion across NTP and external data.
The strength of the study is the multi-institutional nature of the data and its context in training environment. We prospectively collected data on clinical outcomes and the training performance and independence of the trainee, recorded by the GAS form. The risk prediction score remains valid even in cases done outside the NTP.
The reported experience from NTP would guide other training programs. The risk prediction score can be used for selection of low-risk cases for training. It would seem prudent to avoid high-risk cases during the early stages of training to optimize clinical outcomes and training benefit. In addition, data from the GAS records would guide components of the operations that would suit different stages of training. The score is widely available by using a newly developed software application for mobile phones and tablet computer devices.
Copyright © 2014 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This will facilitate a practical calculation of the score in a day-to-day clinical environment, selection of cases, and discussion on increasing risks with patients.
